Abstract -Since in Albania are still present the electromechanical meters, an urgent need to control the electricity consumption with an efficient and reliable system requires the use of the most modern measurement techniques and the realization of energy measurement devices with more efficiency and precision. This paper provides a software implementation of the real power measurement using an ARM Cortex MO, PSoC4 microcontroller which is responsible for executing algorithms required for the calculation and ensures high performances and low cost. A software based Average Active Power Converter is presented to calculate the real power from the voltage and current signals. This paper briefly covers the mathematics of active power and offers a measurement algorithm based in IIR digital filter, which is more versatile when compared to the analogue filters in their characteristics such as programming flexibility, ability to handle both low as well as high frequency signals accurately. To check the performance of the proposed measurement system, the calculated active power from the standard values of voltage and current is compared to the measured active power from our system and is concluded that the meter has been successfully completed.
INTRODUCTION
Still in Albania, the energy sector faces a serious problem of revenue collection for supplied electricity due to power theft and network losses. One of the main reasons is the current measurement and billing system, in which electromechanical meters are still present. This system has high cost of measurement because it needs a great staff, low accuracy of readings, difficulties in monitoring ratings, and creates opportunities for abuses. The urgent need to control consumer electricity consumption should be based on an efficient and reliable system for accurate readings, which reduces the cost of measurements, provides a safe environment for measurements and calculations, thus increasing network efficiency, reducing consumption and increasing the value of financial benefits.
The technological developments of recent years create opportunities for using the most modern measurement techniques and the realization of energy measurement devices with more efficiency and precision. There is no doubt that the future lies in automated computer-based metering systems where metering data is read and processed automatically, and all measurement, monitoring and control issues are resolved in real time.
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Energy measurement is the process of calculating the power and energy from current and voltage, because the energy is equivalent to the power consumption over time [1] . Energy meters work by constantly measuring the instantaneous voltage and current, the product of which provides instantaneous power (watts), which then integrates with time to evaluate the energy used.
Real power measurement is the process of calculating it through measured instantaneous current and voltage values. This process can be either in software or hardware [2] . There are many integrated dedicated circuits that perform real power measurement in hardware. This paper provides a software implementation of real power measurement.
We calculate the active power (P) using the average power converter which provides an algorithm based on digital filter. Digital filters can achieve thousands of times better performance than analog filters [3] . Digital filters are more versatile when compared to analog filters in their features, such as programming flexibility, ability to handle both low as well as high frequency signals accurately. The proposed measurement system is based on a single low-cost microcontroller for sampling and digital processing of the input signals. The ARM Cortex MO, PSoC4, CY8C4245AXI-483 microcontroller is responsible for executing algorithms required for the calculation.
II. DESCRIPTION OF ALGORITHM FOR MEASURING OF THE RMS VALUES
The power is defined as the rate of energy flow from source to load and it is calculated as the product of the instantaneous values of the current and voltage signal. The resulting signal is called the instantaneous power signal and is equal to the rate of energy flow at every instant of time and the measuring unit is the watt or joules/sec. In an AC system with current and voltage signal
where V is the RMS voltage and I is the RMS current, the instantaneous power signal is
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where T1 is the period of the signal p(t) and P is the active or real power.
If we integrate over an integer of signal period, let say nT1 (where n is a positive integer), then the full surface is calculated by multiplying n with the surface defined by the integral (2) . So, we have
If we choose such that T = nT1 (T is the period of the alternating current and voltage signal) then
Then, we can say that the average power can be calculated by integrating over the period of i(t) or v(t) signals. In fact, the average power of any number of complete cycles is the same as the average power value of just one cycle. Thus, we can easily find the average power of a periodic signal, simply by calculating the average value of one complete cycle. Emphasize that the active or real power is equal to the DC component of the instantaneous power signal p (t) in equation (1), i.e., VI.
This relationship (3) is used to calculate active power. We calculate active power using average power converter [4] which is the same to the explicit RMS converter. The instantaneous power signal p(t) is generated by multiplying the instantaneous samples of phase voltage signal and phase current signal. The DC component of the instantaneous power signal (active power) is extracted by filtering the instantaneous power signal with a two-stage Butterworth low-pass filter, as shown in figure 1. The advantage of IIR filters [5] over FIR filters is that IIR filters usually require fewer coefficients to execute similar filtering operations, that IIR filters work faster, and require less memory space.
The disadvantage of IIR filters is the nonlinear phase response. IIR filters are well suited for applications that require no phase information, for example, for monitoring the signal amplitudes. The cutting frequency of this filter is selected 3Hz.
III.
HARDWARE CONSIDERATIONS Figure 2 shows the conceptual design of the proposed measurement system. This system is based on a single low cost ARM Cortex MO, PSoC4 microcontroller which cannot make direct measurement [6] when supply voltage is 230V at up to 60A. Therefore, it is necessary to indirectly measure phase voltage and current at a level consistent with a microcontroller. Then rescale these measurements to arrive at the original value. To measure voltage, the phase voltage is scaled down by a potential divider and then passed through an anti-aliasing filter. For current measurement, a current transformer creates voltage signals across two burden resistors that are proportional to the load current and then passed through anti-aliasing filters. These conditioned signals are fed to the ADC channels of ARM Cortex MO, PSoC4.
The A/D Converter of microcontroller performs the digital conversion of both input signals. The bandwidth and accuracy of measurement system are the two main specifications. The bandwidth of the system is decided by the sampling frequency while accuracy depends on resolution of the A/D Converter. The ADC's sample rate should be selected to be sufficient to meet the Nyquist rate [7] for the type of measurement that will make (i.e., slightly greater than twice the highest frequency that is desired to be measured), otherwise, the high-frequency content will alias at a frequency inside the spectrum of interest (pass band). For measurements with a certain accuracy over a given range, the resolution (effective number of bits) of the A/D Converter is calculated. For achieving the accuracy of the order 1%, which is compliant with EN50470-1 and EN50470-3 Europeans standards for electronic meters of active energy classes B, A/D converter with 12 bit resolution [8] and sampling rate of 3200 sample/second is sufficient.
From the digitized values of current and voltage is calculated active power. The ARM Cortex MO, PSoC4, CY8C4245AXI-483 microcontroller is responsible for executing algorithms required for calculation of active power value. ARM microcontroller of system communicates with the next level equipment as a monitoring PC via the Serial interface RS-232. Also, the active power is displayed on 16x2 LCD. TESTING, RESULTS AND DISCUSSION
The measurement system performance is evaluated in the laboratory. Fig.3 shows the implementation of laboratory testing. To evaluate the performance of the proposed measurement system, the calculated active power from the standard values of voltage and current are compared to the measured active power from our system. The measurements are repeated for different values of current (different load). From the measured values has been calculated the relative error of measurement Table 1 shows the measured active power values with the standard meter and the proposed system as well as the calculated values of the relative measurement error.
V. CONCLUSION
In this paper, we have presented the active power value measurement executing a digital filter based algorithm in an ARM Cortex-MO microcontroller. We have selected an A/D converter with 12bit resolution and sampling rate of 3200 sample/second so that the measurement system meets the specified bandwidth and accuracy. The calculated error values presented in Table 1 meet the required measurement accuracy by demonstrating that the proposed measurement system has been successfully developed. Since the proposed approach provides low cost solution for true active power measurement, it can be used in industrial and commercial applications.
